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1'

This article was preparer! at the s,U[_estion of'the "_4a2s_en,-

schaftlicLc Gesellscbaft fur Luftfahrt" and is based on.th_ ex-

perience of _e Schutte-L_nz Airship Company in _icht construe-

tion. The ob}ect is to stimulate the employment of these meth-

ods in other fields of industry.

PART I - BUILDING [_TERiALS.

A. },[anner of empl.ozl_ng _flateria!s.- The principal building

materials are steel, duralumin and p]_yw_od. To obtain lightness,

supporting s_tructures are composed of open-work _irders with di-

agonal braces. Plywood is suitable for girders 9rid plates, but

not for the dia_pnals. The latter are best made of stron_ steel

wire, though duralumin and steel strips may also be used. By

the crossing of two diagonal wires in a rcetan_lar support,

stiffening by means of a single rigid strut is avoided, with

the advantages of smaller wcisht, simpler connections at the

corners and great elasticity of the diagonal members. Fig. I

is an inside view of the hull and wa!k_-way of an airship.
If

* From "Z_" o_ -_"_It_n_ft fur F].ugtechnik und Motorluftsehiffahrt,"

May 15, 1924, pp. 77-95.
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0t her views are given in "Zeitschrift f_r Flugtechnik und Motor-

luftschiffahr%," April 30, I-3DI. The, hull is stiffened lateral-

ly by means of _ires and struts attached at certain intervals

to the t_a_i_verse frames or rin_Ts The individual g_rders com-

posing these rings or (more accurately) poly_ons, the lon_itudi-

nal girders and the unbraced intermediate rin!Es dividing the
t.

distance between the braced main rings are built in the first

place to withstand axial compression and tension and, in the •

second place, to vrithstand bendln_ stresses. The walk-way in

the lower part of the l_ul], has a structure similar to _ne lat-

ter (which it serves to strsn6then, as vlell as to transmit the

- loaJ s trc__ses to the main rings), with a triangular cross-

section (F_g_ 1). Its g_rders are likewise stressed both axi-

ally an& transversely. The beuding stresses on the girders Are

exerted on the junction points of the hull framework by the
I

forces transmitted from the gas 1oa_s__ and loads.

The auxiliary Darts are _de of stool, duralurzTin, brass,

copper, aluminum and German silver and are assembled, according

to the principal material, by rivets of steel or duralumin and,

for ply_'_-ood, by hollow rivets of brass, aluminum or duralumin.

Hollow steel rivets are used for uniting sheet steel or duralu-

min. Assembling parts are made of duralumin or sheet steel•

Single form pieces, at junction points, are made of steel, dur-

alumin or aluminium. Subordinate parts are also ms,de of German

silver.

4r
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B. Iml_rovement of buiidinE materials.- Employment of the

best materials is an esse_:tial condition for light construction.

The original condition of the principal materials, steel, dural-

umin and wood, is capable of considerablG improvement. The met-

als are made denser by roiling, drawing, hammering, etc., ih

the cold state. The texture of steel and duralumin is affected

by therm_,i treatment. Thc thermal treatment consists in heat-

ing to a cc_ _.__.ntemperature, 750 to 900 °0 .(1382 - 1652°F) for

steel andt about 500°C (932°F) for duralumin, and suddenly cook-

ing in air, water or oil at different temperatures, with the

difference that, for duralumin, the hardening "first becomes ev-

ident about an hour after the cooling and continues to increase

for I00 or more hours ("seasoning"), so that changes in shape

can be conveniently off coted immediately after the thermal

treatment, e.g., the straightening of drawn profiled rods and

the clinching of rivets. The brittleness produced by the hard-

ening and subsequent v:orking is remedied by a short period of

heating, steel at I00-700°C (21_-1292°F), duralumin at I00-150°C

(212-302°F). The effects of. the compression and tempering are

partially or entirely destroyed by longer or shorter heating,

steel 400-950°C (752-!742°F), duralumin 250-400°C (446-752°F),

for which reason the thermal treatment must always take place

before the cold compression. For most kinds of stool only one

of the two processes can be employed. Steels containing chrom-

ium, nickel or wolfram have a greater hardness and strength,

similar to duralumin with its constituents of copper, magnesium,
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manganese and silicon. Thc harder the metal, the less its duc-

tility and pliability. Table E gives three examples for the

above treatment, which produces the most widely differing prop-

ertics (e.g., Table C). (For further inforr_tion on light met-

als, see "Schiffbau," 1919-20, p. 556.)

It should, however, be borne in mind that the more diffi-

cult the treatment, especially _-ith thin strips, the greater

the tendency to irregularities and the greater care required.

Use is made of metal sheets 0.5 to 5 mm (0.02 to 0.2 in.)

thick, stamped pieces i to 5 mm (0.04 to 0._ in,) thick, steel

tubing with walls 0.3 to 1.5 mm (0.012 to 0.059 in.) thick, dur-

alumin tubing with walls 0.5 to 2_ mm (0.02 to 0.08 in.) thick

and st_el wire up to 4 rm_ (0.157 in.) diameter. In strips _ mm

(0.039 in.) thick and 4 m (13.12 ft.) !on_, there were found

variations of 3.5_ in strength and of 13_ in thickness.

Wood has two disadvantages. First, the light rin_s arc

weak in comparison with the dark and split easily. Consequent-

ly, its tensile and compressive (Fig. 3_, a-c) strength are

relatively small cross wisoiOf_the _rain. It is stromzer per-

pendieular to the middle section (Fig. 34, a,b) than to the

circumference. The reverse is true of the shearing strength.

There are also irre_larities of growth, crooked grain, accumu-

lations of resin and rotten spots. In the second place, wood

has a great capacity for absorbing and giving out water, caus-

II + II.

ing it to swell and shrink (See Huttc" 22, Edition I, pp. 720-

721), so that, with irregular drying or wetting, it warps and
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buc_Ics and, as a rcsu]t of the stresses thus produced, it

splits, cspecially in the weak zones. Moreover, the water ab-

sorption is synonymous with weight increase and strength de-

cre_se.

All these disadvantages are naturally aTgravated by the

thinness essential to light construction. They are remedied

by careful selection of the wood and by two special _ethods,

namely, by making into plywood and by im_regnating or "doping."

Ply_ood consists of layers of _,_od 0.5 to 2 _n (0.02 to 0.08 in.)

thick glued together _ith the grsins of adjacent layers at right

angles (Fig. 33). These layers are cut _ircumfcremtially from

b _ unwinding the natur-the surface of peelod lo_s, as _t were,

al layers or rings. Before the glue sets, the plywood can be

pressed into any desired _hape, _hich is permanently retained

after the glue sets (Fig. 35). The crossin C of the grains pre-

vents splitting and causes a strong mutual support between the

layers. The greater resistance, bo_to tension and compression,

is in the longitudinal direction of the grain. By employing

different woods, thickncsses, etc., differe_t results are ob-

tained in longitudinal and transverse strength and in durabili-

ty. For example, some hard wood, like beech or ash, is used

for the outside layer of a girder.

Doping retains the favorable properties of the plywood

and, in addition to the above-mentioned advantages, scrvcs to

keep the gluc dry. It accordingly consists of two processes,
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impregnating with paraffin and smoking, with formaldehyde. The

impregnation extends only to the surface pores and fibers.

It does not fill the pores, but renders them water-tight. The

successful results of this treatment are shown in Figs. 2-3.

A good varnish alone affords protection against atmospheric

moisture and prevents a weight increase of more than 4%. It

also increases the strength of the surface layer (like the roll-

ing of metals).

C. Workableness.- Strong sheet-metals with sufficient ex-

_4
tensibility (steel S-love, duralumin 15% with bending radii of

two to three times the thickness of the sheet) are best adapted

fro_ the strength standpoint (Figs. 4 and 22). The bending of

the harder profile members and tubes requires a radius of at

least 20 cm (nearly 8 in.). A r_%lleable metal is necessary for

makino_ rivets, since the process of clinching increases their

hardness. Moreover, in the case of duralumin, the hardening

process is disturbed by such operations immediately after heat-

ing. Steel cenerally stands bending better than duralumin, as

demonstrated, e._., by the experiments with tubes according to

Table F. Malleability data are obtained by bending tests (Fig.

31 e) and by depression tests (Fig. 31 b). The ratio of the

breaking elongation D to the strength, according to Tables A

and B, gives only one basis for judging.

In complex assemblies, parts made from a single piece of

metal, forged and cast pieces, are employed for junction points,
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the first, however, being e}<pensive and both of the others being

relatively heavy, even af_ez finishing. _'_,_oreovcr, only soft and

medium steel, not less than 0.'7 mm (0.0S8 in.) thick, and soft,

but not sufficiently strong, aiu_tinum are perfectly weldable

and mallo_b!e, whil_ duralumin, "Harta!umin" and German silver

are not.

Stron6 steel _:ire (Tab]es A and B) is bent, for fastening,

with a radius of two to three times its diameter, although with

S0 to 50_{ loss in strength, which lo_s can be reduced, however,

about one-half by winding and solderin[il.

0nly steel is _itable for ha.r& sol_lering, on account of

its hi_Th tempering temperature, but not the light metals.

Soft solde_'ing is too unreliable, except for filling in between

,a_tcning wires.the windings in _ o

Ply_vood ca_mot be c _an_ea much after the glue has set, ex-

cept t_nt the cross-section can be changed by gluing on pieces,

which process corresponds somewhat to soldering and is a con-

venient means of adaptation to any desired shape.

Preparation _ith cutting tools (drills, revolving cutters,

stamps) is the simplest and cheapest with plywood, the dearest

with stc_] (cutting tools with diamond inset) and com_)srativcly

_'_ • • The _.m,rdncss is deter-simple with the softer l_h_ metals

mined by the ball pressure test according to Fig. 31a. Steel

of Oz = I00 can be drilled economically and can therefore _e ....
\

employed for the booms of riveted girders. The question as to
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whether still better steel can be successfully employed for

soldering or welding is yet to be answered.

Heretofore metal girders, to be riveted, were made of the

hardest metal that could be drilled or cut, while struts and

braces, to be pressed or bent, were [_de of more flexible and

consequently softer metal. This circumstance is taken into

consideration in Tables A and B.

D. Streni]th relations.- The adoption of suitable materi--

als is one of the chief problems in girder construction, since

special designs are required not by the tensile and shearing

strength (qz and _), but by the resistance to buckling _k

which decreases with increasin£" slenderuess f./i and proceeds

from the compressive strength _d as the limit. This princi-

ple applies both to individual profiled pieces subjected to

bonding stresses and to composite girders. In a girder assem-

blage, there is an increase in the buckling stress _k of the

jointed member (measured between two supporting points) accord-

ing to the strength of its joints, but, on the contrary, for

determining the bucklinz stress _ko of the whole girder,

there is a decrese, according to the slenderncss_ design, and

method of fastening, which, in a simple manner, express the

Tetmajer-Krohn relations, namely,

_ko = _-S C = (a- b y r_. 1 - a io r_ C.

in which L represents the length; i, the inertia radius of
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the individual flangc; L o and io, the same for the girder;

a and b, building _r_teriai constants; r_ and r_, factors

which express the fastening method of the individual member

and girder as a length reduction. On ordinary._rders of about

5 m (16.4 ft ) length, r I varies bet_-_en 0 7 _• • o and 0.90 and

the quantity B C between 0.5 and 0.7. The equation applies

to two compressed flanges in bent girders. The minimum value

(in any possible buckling direction) must always bc used for

i6 •

By way of illustration, Fig. 6 shov_s the relations of the

above equation for a glrd_r made of angular sheet duralumin.

It also shows the effect of the flange height and thickness.

Fig. ? gives the buckling curves of differcnt materials and

shapes for single members, and Tables A, B, G, H give their

moduli of resistance. Flexibility is assumed for metal sheets

and capability of being cut or drilled is assumed for the steel

profiles of T_o!e B for structural data.

While th_ modulus of resistance varies but little for any

given metal, it fluctuates greatly for one aud the same kind

of wood due to the peculiarities of growth. Table G contains

data for good soft and b_rd wood• The compressive resistance

is greater than that usually given, as repeatedly sho_._m in

Table E under _,, and is manifested in bending tests as the

bending @trength ob. With p!yv_ood, however, contrary to the

case _dth ordinary wood, this strength is fully utilized, even
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in the case of pressure stresses, due to the mutual support of

the _]rains. This explains the fact that plywood, not_rithstand-

ing the reduction in cross-section through cross-veneerin_7, has

approximately tbc same compressive resistance as ordinary wood.

_o_na_ increased as odThe values ow in Tabl3 H have to be .... _

for pl_vood; for exampl_, with three equally stronT aspen-wood

layers, to about _/[_ Jb = 2/0< (550 ,_![[_60) kg em_, , when o%

becomes _/Z (800 _-'OZO). Fill. 8 shows the buckling" loads of

ordinary and p!?_vood spars of like "Icn_th and _ei{ht. In air-

ship construction, aspen wood is preferred on &ocount of its

homogeneity, small water absorption and relatively small specif-

ic gravity. The data for this wood s re comparable with those

for duralumin and steel in Tgole B and compare with shoe% dur-

alumin in the ratio of i : 7.5 up to I : 9.

The elasticity limit of piywoo£_ is indefinite and diffi-

cultly detor:=inable. It may be assumed to be above 0.7 Od, a

value exceeded by stco! and c_urmlumin a_¢l corresponding to a

structural safety factor of about !.S. }Tevortb,¢less, small

permamont distortions remain in wood after unloading. Its

elongation is considerably greater than that of metals. For

example, accordin£7 to FiT. _Z E, a girder _].2_8 m (7.48 ft.)

long, on being subjected to four separate !os,ds equal to 2/Z

of the breaking load, underwent an elastic depre_sion of 77 mm

(Z.O$ in.). The stretching and crushing7 limits do not gener-

ally lie much beyond the limits of elasticity and are higher

for metals, in proportion to their hardness. For hard metals
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and plywood, they are hardly determinable, since they almost

coincide with the b-"eaking limits. Girders of such _terial,

especially of plywood, collapse suddenly without previous warn-

ing.

No noteworthy difference was observed between steel, dur-

alumin and plywood in the fatij_c produced by stresses lO to

15% below their limits of elasticity, or 0.6 of their breaking

strength. In the event of ovcr-strccslng rods of like static

strength, medium steel is superior to the other materials

(Tab!c F). Dry wood does not behave so well as duralumin.

Endurance tests can be made u_der conditions nearest approaching

the actual, e.g., accordin_ to Figs. 29-30.

Strength rc!ations are made _vorsc by external mechanical

influences, like flaws in the s_rface of rolled metals or in

t.he outer layer of plywood, and by the chemical action of air

and moisture. Steel oxidizcs strongly and the corroded layer

is not permanent. Gcrnk_n silver also oxidizes strongly, and

in a finely divided form, burns freely in the presence of mois-

ture and in contact with an open fire. Aluminum and duralumin

oxidize slowly in the air, are not at all affected by pure

water and cnly slightly by sea water and the oxidiz_ bayer is

permanent• Hence steel and German silver should be protected

by varnishing, painting or p]atin_T, while such t_eatment is

not absolutely necessary for aluminum and duralumin. Wood can

be protected from water by impregnation and painting.
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E. Weigh=At and _ali__ty.- Lightness of construction can be

attained by adapting the _:mteria!s to the required forces.

The materials are judged by their quality, which is determined

from the ratio of a load and weicht unit. The quality of the

material is Gm= c_::7 o_ _d : 7 : strength divided by spe-

cific gravity and indicates what strcn_';th is attainable with a

specific gravity of l (Tables D and J). The quality of a rod

is represented by G s _k • 7 = r_ .....t_n_ to buckling dSvided

by specific _3ravity and takes into account the effect of the

length on the resistance to buckling. It is especi_lly impor-

tant and _s represented b)_ curves in Fig. 9 for a number of

different materials, The znsufficicncy o= Gm _d ' 7 is

demonstrated by the different courses of these curves. Thus

it appears, accordin C to Gm, that steel and duralumin have

the same value and that plywood has hardly half the value,

while, accordin C to Gs, the quality of steel and plywood im-

proves with increasing length, as indicated by the s_:_!l in-

clination of their _ _o.,urvu_ For example, -the quality G s of a

plywood spar of cross-section f = 1.7 cm _: is just as good as

that of a shoot duralumin spar of like weight and of more fav-

orable form of cross-section f = 0 _"'• ,_,_ cm 2, as soon as the

common length of 24 cm (<9.4 in.) is reached. Beyond this

length, the plv_vood cross-section is superior. A medium steel

tube Z0/! of Gz = C5, v_'ith a len[_th of _ = 75 cm (_38.7 in.)

has the same value as a similar steel tube of Cz : I00, length

= _6 cm (I0._4 in.), and as a like tube of duralumin. Never-
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theless, for the stool tube, the buckling load is in proportion

t

to the _pecifie gravity, i.e., about 2_.8 times greater than for

duralumin, according to which its thickness can bc reduced to

1/3.8 = 0.36 mm (0.014 in.), i and qk remaining approximate-

ly equal, since i varies as 1/3 of the diameter. Such thin-

walled tubes can be made (Table C). A similar reduction for the

above plywood and duralumin spar brings us to the insufficient

thickness of only about 0.3 mm (O. OIS in.). This demonstrates

the superiority of plywood for s_ll stresses, sicce any neces-

sary increase in the _educcd thickness is synonymous with an

increase in the stress.

The curves show further that tubes are better for long

me_bers, but that open profiles can bc used for short members.

The effect of the cross-sectional shape is seen by comparing

duralumin _ _ _ a_d_ of_e .... tubular cross-sections of like area

1.74 cm _ (._7 sq.in.) (Fig. 9).

Two rods of different lengths _ and _, but of the same

quality Gs, may be brou_ht to the _ _ __ngtn _ by a similar

inuroa_e of the shorter one (whereby _/i _k and G s remain

constant) by multiplying its crest-section f_ (or buckling

This calculation shows how _rcat its buckling load (or

o_,_" rod becomes, which is givenforce to be withstood) of a _ ....

the greater length of another rod used for co_pa_ison, with the

retention of constant quality. If the buckling load Pk is

given and if the rod under consideration has a cross-section
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f, a length

this equal to Pk2 ,

changing its cross-:_ection and length in

_i' and % buckling load. Pk ,
I

with retention of constant quality, by

By means of these expressions, the curve values can be compared

in different directions.

The quality only enables us to reach a s_/_isfaotory con-

clusion, when we know the type of [_irder, of which the given

rod is a member. The type of _rder depends larogely, however,

on the kind and quality of the r_a,t3rial. Hence, construction

q_alities are e_/,tab!ished, namely, Gk = brea[[ing st[en_!_th di-

vided by the weight per unit length, _.:I., of a running meter

(eventually also __:breaking mordent d i-_ide_ b/ weight). We

must also find the _oc,t i'avor_Ccle dime:_slons of the strut di-

visions t a_ of the flange and _trut cross-sections for

given len(/;ths and hell;his, kind and [_?;nitude of loadinc, i.e.,

the smallest _ossiblc volume of bui!din_ 1_aterial for the pur-

pose. This was,. e.#j., done in Fig. I0, for tubular girdei's,

in which certain cross-sectional dimensions are not exceeded.

Hero the best division m_mber is 13 (fo_ 5 m length, thus mak-

ing the ]cnzth of a sing!c division 38.5 cm (15.16 in.). This

process is repeated for d_fferent l_eights. We thus attain our

goal more easily than by employing equations which can show no

continuity. The qualities of _rders are given in Tables K, L,

we c_n then make

Pk

• I
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I_ and N, which will be discussed later. In comparing the qual-

ities of two different girders, it is assumed that their cross-

sections remain the same for the same lenL_th, L_ being the

greater and _ the !c_ser .Icn,_oh. The new quality of the short-

ened girder, becomes, c.,_'.o, Gx = G_ B x .'B_, in which B is

taken from the buckling for_nla in the preceding chapter and

Lx = L_. We write approximately b ' a : i : I00 for duralu-

min and I : _00 for pl_rood and r2 = !. For girders with

two compressed flan_TeS subjected to bending stresses, we have

approximately G x = G_ (Bx/B 2) (L_/L_) and for those with one

compressed flange we have Gx = G_ (L_/L!).

Any comparison according to quality is naturally of value,

only when the differences are not too great.in the meter weights

_ "" "" ofor ouck!].ng loads the _irders con_Jtructed for comparing one

of these quantities. When the differences are too great, the

girder appears too favorable with the greater weight or greater

buckling load, because not only the cross-section but also the

ok increases with increasing weight and, moreover, the ratio

"of the weight of the flange to the weight o__ the struts under-

goes a change. Thus, e.g., two girders, whose weights per

meter and whose buckling loads are e_c_ in the ratio of I : _,

are not directly comparable in the above sense, but are, how-

ever, when the values of the one kind differ from one another

only by ].0 to 30_ and the values _f the other kind are option-

al. It should be rer,_rked that the _:iven degrees of excellence

present no exceptional values.
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Table A. Strength and Elon£ation of Metals.
(o in kg,/mn )"

Breaking streno_th oz

Yield point Ostr

Crushing strength od

Elongation D

Shearing strength T

Elasticity limit o e

Kodulus of elasticity E

Skeet

< 90

< BO

< 80

BO-lO

S tccl

Profile

< 130

< II0

< 130

20-5

Tub ing

< 160

< 120

< 160

1.8
72-130

Wire

<2,£0

< 160

2-6

Duralumin

Profile

Breaking strength Oz

Yield point °str

Crushing strength Od

E lon_ation D

Shearing strength

Elasticity limit d e
Modulus of elasticity E

30-45

I 24-33

1.s

32- 50

24-37

30-43

18-8

"4-37

_4-36

,,- 7000 + 7500

Y_lb in._

52- 55

_4-43

33-50

16-2

Breaking strength _z

Yield point Ost r

CruslTin_ strength Od

E].ongation D

Shearing strength T

Elasticity limit o"e

lJodulus of elasticity E

Cast Hard

<II <.4-5

< 11 <53

>9 >3

_-57 50 --

German silver

Profi]e

>30

~19

<35

> 3

-4500
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Table B. Structural Data.

St eel Duralumin

Sheet Profile Tubing Wire Sheet Profile Tubing

_z

_str

D

T Rivets

8O

5O

7O

].5

I00

75

i00

I0

5O

i00

75

I00

I0

160

140

3

4O

53

33

15

42

33

38

10
24

45

54

4O

8

Table C. Illustrations.

i Steel.

Breaking

Air-hardened tubing 40/05 mm
Not hardened " " "

I! ,1 II I! ,1

Steel band, thickness 0.3- •
-, O. 5 "

U-profile
"Structural steel"

160

i00

64

Yield point

Sstr

130
8O
85

120
105

120
5O
75
90
8O

Elongation

D

5
12

4

5
12
15
I0
13

!i. Duralumin.

% D

Tubing 30/I mm
30/I,2_5 mm

U-profile
I! T!

46

46

47

40

38
43
35
58

12
5

22
12

* Differs but little from _d"
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Table D.

Steel_ sheet

" profile and tubing
I, v_rO

Duralumin, sheet
TI _' i

pro_ 1-e

" tub ing

A lumi nun, ca st

Hard aluminum, profile

German silver

Plywood (aspen)

Supporting cross-section

about 702_

Specific Gravity and Quality.

(in cm )

l
I Soccific
l
j gravity
I

+

~7.85

2.65

2,7

1.8

W_:_ity_ of material

accordin_ to maximum
values of Table A.

G_=% : ,1" S_=Od : 7:.

i! 5O 1000
louul _Jt.u 1600/2000

_500 --

1600 1500
1800 ; 1600
2,000 : 1800

4O0 40O
!700 iDO0

1500 1900

G = quality.

_z brca, king stzun_oh in kg/cm _

Od : compressive strength.

7 = specific gravity.

l
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Table D. Specific Gravity and Quality (Continued).

_m (in cm.)

Steel, sheet

" profile and tubing
" v,dre

Duralumin, sheet

" profile

" tub in_

A lu mA nu m, ca st

Hard alu.utinum, Drofi!c

Specific

gravity

--w

,,-£.8

@pality of material

Accordin_ to
Tables B and H.

G_=az : 7 _ -_d:u_- 7.

I000 900

1300 1300
2000 ---

1400 I200

1500 1300

1800 I_00

mm

m_

Gcrman silver i.8 ....

$70

1050

Plywood (aspen)

Supporting cross-section

about 70{0

600

700

G : qu.ality.

az = breaking strength in _o/cm 2.

_d = compressive strength.

7 = specific gravity.
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Table E. Examples of Improvement of }_etals.

I. Duralumin sheet-re!led a_id tempered.'.

I. Sample heated to 350°C, cooled in

water at I00 ° and imuediately

tested

2 Sample heated to 500 °, o thcr_'_o _.loe

as above

3. Sample heated to 500 °, cooled in
water at 20 ° and tested after

6 days,

4. Sample heated to 460 °, cooled in
water at _0 ° and tested after

4 days,

Ditto - coo!cd in air.

Jz = 33

Oz : 25

% = 4s.5

oz : 45

%= 44

D = 15%

D = 21%

iI. Duralumin sheet heated to 4000:

I. Sample rolled cold_

2. Sample te::_pcrcd at 500 °,
tested after 4-days,

then roilcd cold,

then heated to 400 °;

same as before, only instead

of heating, the metal was re-
tempered at 500 ° •

_z = 27

o6

dz = 42

_z : 53

% =

_z= 41

D : 17{o

D = 2%

D : 32%

D : 2%

D = !6_

D = 20%

I!I. Chrome-nicke!- steel sheet:

I. As delivercd;

2. After heat tempering;

3. After reheating to 2,50 °

%= 79

oz = 180

dz :159

D : 13%

D = 2%

D= 6%
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Table F. Bending Tests with Strips 2 cm Wide Cut fro1_ Tubes.

I. Steel tubing
3o/1 mm

2. Duralumin tubing
30/1.25 mm

Vari ety A

3. Duralumin tubing
3o/1

Angle

r,v

to

A _r_

3oo
45 °
30 °
45 °

30 o

30 o

4&

Fig. 3].c

\ I

l n

I

\i!
I

] I
r

\if
!

Variety B

No. of

b end s

27

22

12
i0

2

1.5
1.5

1

6

3.5

3.5

3

Remarks

_d = 60__z = 66 D = 8%

_I = 44} D= 5%az = 51

%,

_-- 3s l o = 13%
_z = 49!

Table G. Strength Coefficient in kgJcm 3 for Good Wood.

ply.

bets apply.

Parallel to the grain,

For the softer woods (pine, aspen), the smaller numbers ap-

For the harder woods (ash, beech, locust), the larger hum-

Crosswise of grain,

l

(_d = 360 - 750 kg/cm 2

_z = 1.2 - 1.5 _d
N

T = 1/8- 1/6 _d

aE: 1/lO - 1.4 ad
= 0.3 - 0.5 ad



N. A.C.A. Technical },Icmorandum No. 313 22

Table H. Mean Strcn_:ths in kg/cm _ with
15--20_ iJoisture ConterJt (15% =:air-dried).

I

Kind of t To the

strength i grain

Tensile _z..! =

Compressive _w _ =
Shearing =

Bending _o** =
t

Oak

1000

360
8O

6OO

Beech

!300

300
80

670

1

Ash

1300
5OO

6O
850

Elm

I000

4O0
6O

850

Tallow

Ii00

650

I00
I000

Kind. of

strength

Tens iIe Oz

Compressive '_w*
Shcarin_ T

B endi n_ o_o* •

To the i
g_a,in [ Larch

= -i II00

= 450
= 70
= 600

Pine

800
28O

_20

Spruce

750
270

40-70
430

Fir

8OO
30O

6O
550

Asp en

800
320

5O
, 550

= means parallel to the crain.

g,;_= cube strength < Od.

**o b compressive strength wi _'_ _.= _ suo:0ort of the grain, which
is essential for plywood.
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Table !. Specific Gravity of Wood and Quality of Material
(The bracketed numbers apply to plywood,)

S_pec__iific Gravity*

Air-dried

io¢
moisture

mean value

7_

ki In-dri ed

at il0°c

mean value

Maple
Birch
Oak

Alder

Ash

Spruce
Pine
Larch

Linden

Poplar

A sp en

Pitch pine
Beech
Elm

Ho rnb eam

Fir, silver

0..67
O. 64
0.86
O. 53
0.75
0.47
0.5£
O. 63
0.46
0.45
O. 48
0.70
0.74
O. 69
0.72
O. 48

!
O. 63 --
0.61 --
O. 66 0,;80
0.43 --
o. 62,! o.ls
0.441 0.03
O. 51 0.0!

O. 46 0.16
O. 42 --

0.37 --
0.40 0.08

0.57 --
O. 52 0.17

G] n .

{u.a ].

Gm in cm

lO%
moisture

1160

1740

1600 (1050)
154o (,lOOO_
1780 (i150)

167o (llOO)

1450

1800

1670

Lty

Gm in cm

mois_are

wm

420

67o (_65)
53o (oOO)56O (53<,)
7_5 (630)

6_5 (7_5)

580
4£O
62,1

* The specific gravity and _om _-_-_sive strength are greater for
plywood than for ordinary wood.
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PART II - METAL CONSTRUCTION.

A. Girders.- The following experiments were made v__th dural-

umin girders, but the results hold good, in principle, for gird-

ers made of steel or other metals.

I. Plain Eirders __Fi._3!).- For considerations of weight,

these can be employed only in relatively small lengths. For

greater lengths, the consumption of material would be much too

great. We have the following kinds (Fig. 37):

changes with the length of the girder (e.g., transition from

to c in row I);

3. Open and hot-drawn profiles (rows I and II);

4. Closed and hot-drawn profiles (row llI);

5. Shaped cold out of sheet metal (rows I and If);

8. Cold-rolled from sheet metal (row I);

7. Cold-pressed from sheet metal (row I);

8. Open profiles cold-drawn from sheet metal (rows I and

II) •

I. Open and rolled (row I);

_. The same hot-pressed in the case when the cross-section

g

ened.

further hardened by the shaping process and are therefore to be

preferred. S_k%ll sheet-metal parts are shaped by simply bending

and p_essing (Fig. 22). Closed profiles may be made from sheet

metal, by riveting, welding or soldering. Hot or cold rolling

Girders made by the hot process have to be reheated and hard-

Girders made from tempered and rolled sheet metal are still
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and pressing cannot bc employed for tubes and open profiles with

conv _'"ergln o edges (row II). These must be drawn.

Hence row I contains open profiles, which can be either

drawn, bent, or pressed; row Ii, open profiles which can be cold-

drawn or bent; row III, only closed profiles, which _ust be

drawn; row IV, profiles which can be made by riveting other pro-

files together. In addition to the examples shown, a number of

intermediate steps are possible. The converging edges of the

profiles in row II are proof against buckling, only when braced

at certain intervals with respect to each other.

aFor _re ter e_oss-sectional dimensions, the plain girders

would have to be made of quite thick metal, in order to be secure

against buckling, especially for open profiles. In any case, it

would be possible to use thin-walled tubes of large diameter

(e.g. _0 cm (7.87 in.) with transverse bracing partitions or

bulkheads, an arrangement employed by nature in bamboo. Even in

this case, however, it is advisable to strengthen the cross-sec-

tion by riveted bands or by corrugating and to provide the walls

of the tubes with crimped perforations.

On the other hand, the accumulation of the material about a

few suitable axes uses the =aterial to much better advantage, if

the individual members are well stiffened. This can be accom-

plished: first, by the union of perforated metal sheets; second-

ly, by the union of the girders with sheet-metal bands; thirdly,

by the union of the individual members by means of struts. The

structural parts thus obtained arc considered in the following

section.
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2. _0pen-work _irders made from stamped sheet metal.- These

can bc m_tde either by stamping the plain profiles of Fig. 37, or

by stamping shcct metal with subsequent shaping and mutual brac-

ing. The latter is the more common method. The basic form of a

girder wall is shown in Fig. 38. The stamping of the walls of-

fers the very _Ic_at advantage, that the stamped holcs can be

simultaneously provided with a crimped flange c. This means

the choice of a flanged angle as thc flange a and of a U-sec_

tion as the web b, two shace_ _hich _tua]ly support each oth-

er. On account of their creatcr hardness, the stamped, hich-

grade tubes cannot be flanged. Thus are obtained the following

cross-sections of Fi_ 43, name!y, the s_ _• o_.:@cdunflanced oval or

rectangular cross-sections I-3 _ '• ,oren_th is relatively

small, on account of the lack of crimping and the faulty support

of the longitudinal members. The perforated oval tube has ad-

vantages when stressed in its longitudinal axis, but a rectanoo_lar

cross-section better witLstands bendinT stresses.

The remaining figures (_-lo) show parts stamped out of sheet

metal. __o. 4 is not very rigid and is important only when riv-

eted tooether_ in the double form of No. 5 (T--section). Nos. 7

and 8 are bent out of one piece and riveted toTether by overlap-

ping (on the plan of Fig. _la). Nos. 6 and 9 are made of two

pieces; Nos. I0-II, of four pieccs; No. 12, of a U-section riv-

eted to a conncctin_ strip (16). The box-shapes 6-7 and 9-1_°

must be made of relatively thick mctml in the larger sizes, in

order to prevent the cross-sections from becominE_ oblique-angled,
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a disadvantaTe to which No. 8 is not subject. This tender_cy may

be overcome by adopting the arrangement of Fig. 13, in which the

angular flanges completely overlap. The strength of the combined

flanges is then lar_je, but that of the webs is small. The crimp-

ing occasions less difficulty and the right ratio of the flange

and web strensths can bc approxi_atcd. More riveting is required,

but this is not important, except when done by hand. _nother

method of stiffening is shown by No. !5, through the introduction

of diasonal partitions, which considerably increase the weight.

No. 6 is a two-p_r_ cross-section with ho!cs in only two planes.

It is co_;_ooscd of two ,T _15h and_,o. 4 sections, is wider than h '_

therefore requires a narrower support in the vortical than in

the horizontal position. All these girders with trians_lar and

rectang_t!ar cross-sections are suitable for compression struts.

Their webs can be small, on account of the small shearing stress-

es. When subjected to bendi_°'_,L_,stresses, thcv_ undergo considera-

ble distortion and require stronger _'z_ in order to withstandV' k.,_ !- 0 ,

the _reator moments and shearing stresses.

Such a sirdor is therefore very yie!din_]; and suffers great

elastic deflections, even under small bending loads, a behavior

which is very desirable under certain conditions. When this is

not the case and the shearino-_.,stresses are too _r_,_eat, the sheets

must be stamped in the form o_f crossed webs with crimped edges

(Fig. _0). This type offers more resistance to buckling. All

girders made of stamped .... +_ _ _ ...._e_ .... have the disadvantage of wasting

more material.



N.A.C.A. Tccn._Ica. }:Icmo_-andum "'_ 3!3 38

3. Qp_en-wcb _irdcrs ratio from lon_b.!_dl _,,,land transverse

members.- Tnis type avoids the _'reat matcria.! _as_u of the orc-

ceding typc (Figs. 39 and _A). it also has the adva._ta_c that

the long_.tudinal _uc_:focrs can be ma(_c of hard-re]led or drau'n

•-_ SL_uetm_tal, while the transvcr,_e members can bc _-:_adcof pliab!c _"

metal of loss thickness and ri,_idity. The t,r,_Lnsvorsc members

are formed out of sheet _uetal, as ricid fram:_s, tra_sv_roe wa_.l_,

or simple connecting< strips. The ri_i;id frsmc consists either

of a U-shaped relatively wide sheet riveted tel-ether at one

place (Fig. 44, Nos. !.-_, and Fig. G2g) or of a1_ an_lar sheet

. _ of ....(Fi_. 44, No o), _n__ch one arm is interl_apted a-_ the corners

and riveted to the other by overlapping after bending. The

transverse walls in Fi_. G_ No. 4 are _,,ae like Fig. 43, he. 4,

or, better, like i_o. 5. The sey_arat!on of the cross kracin_ in-

..... _ ,_t_p_ ;s shov_ in Fig. 44, Nos 5-to the individual ,_o.....ec_in_ ° ". _ "

8. The frames in No. I (Fig. II) are very ]ig_t and efficacious

in producing a _<reater loncitudinal and. lateral rigidity, as il-

lustrated by Fig. 42. The distortion of the 7irder _is consider-

able, however, especially for greater lengths and _reater trans-

verse stresses. With sufficiont width, the open-work and crimp-

ing of the frcc frame walls produce a dimin:It_on in wcight anc_

an increase in the : "'......._r_a_,/. The frame likc Ei_ G4, No. 3, is

much more cfficacious with a U-shapcd than with an angular cross-

section. The cross wall likc No. 4 is especially suitab!c for

points whcre thcrc arc grcat shcaring stresses (c.g., at joints)

and roo_liros _uol._ _,,l_ht. .,
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If the bracin_ consists of simple strips cf sheet metal,

• ,5 and Fig. !2, then for obtaining suffici-like Fig. 44, Nos _-8,

ent lateral ri_:i_idity, the lonj, itudinal , ._._ c,.,. _ mem,_ro must themselves

be risIG and the "r_]anges of t_e lattice strips must extend to

the flang<es.... of the lon_itudi_l strips. Fi _._ 41 b represents

such a perforated and ,-,,r_'_mpedlattice strip. For small sizes,

the perforating does not pay (Fig'. 44 l,Tos. 7-S) If the longi-,

tudina! members arc tubes, then Nos. 9-10 are employed as modi-

fications of Nos. 1-2. The modifications of No. 3 are Nos. I]-

12, in which the corners are s_l_f_ncd by special Lrackets or

flanges. The modifications of "' _ "'-._o. 4 are Nos. I_-±o and tl_e modi-

fication of Nos. 5-6 is No. ]3.

Curve tables, after the manner of Fig. 6, are employed in

aeoigning the girders considered in this and the preceding

chapter. On the right-hand side there is a set of curves for

the center-of-gravity stresses of the girder eke plotted

afainst the ratio Lo : io and the stresses Ok_ of the simple

longitudinal girder member. The Ok_ stresses are obtained

from the !e_o-hand set of curves, under consideration of the

most favorable values for H : d and _: d, as given by the

enveloping curve. For a civen eke -re can choose Lo : io and

find, over Ok_ , the most favorable H : d and _ : d, natur-

a!ly under consideration of the _ormation previously mentioned.

For square _io"rders (with t_vo-way rigidity), under consideration

of Figs. 38-39, the section t is about 1.1-1.5 H. For rec-

"_" "_ it increases to .2 5 Htangular girders (one,-wa,y rlbld_ W),
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(e.g. Fig. 44, Nos. 7-8).

The weight of tl_e transverse members is, according to the

lateral stress, 2S to 40_o of the total weicht. In compression

struts (Fi_. 4), the ti_ickness of the met_.,l of the transverse

mombers is about oue-ti_ird that of the longitudinal nembers.

All of the above-mentione£1 _irders, with side walls formed

by rectangular frames, are poorly adapted for the transmission

of g_eat lateral stressas and for i_rcater lencths than 3-5 me-

ters (3.84-16.4 feot). Thus, e.T. , the sheet duralumin girder

of Fi@. II has, a_cordln_s to Table }{ _ and 2,a, for a length of

I.£ m (.3.94 ft.), a _6iTht of 7 cm (£.75 in.)_ and _ t_Li_,ness

of the ]ongitudisal mcnYoers of 1.5 am (0.06 in.), a buckling

load of &000 _'_o($818 lb.), corrcs.?_onding.._ to _]'o._.= 34 and a

r slativo!y hish efficiency O k _: Pk _ wei_}};htof I linear meter =

4000 + 0.77 = 5S00. On increasing the linear dimensions S.5-

fold, we obtain a length of 4.£5 m (!3.94 ft.) and a height of

2,5 cm (9.84 in.), as r:ay normally occur is_ airship construction.

Under retention of the same favorable ratios Lo : io, _ : d,

H : d (Fig. 6), O ko remains about the ss,me and the buckling

load incroases to 4000 x 3.55 x 3.55 _ 53000 kg (I!_640 lb.),

whereby the effici'ency remains _3S00 (Table _], 2a), while, e. S.,

we c_n obtain, with the strut sirder 7, about the same efficien-

cy with the much s_!ler breaking ]oad of 9000 kg (19842 lb.)

and with the same lensth. For such small buckling loads, a lat-

ticed sheet-metal girder _ould tkerefore _have more unfavorable

ratios _ : d and H : d, or a F]reater weight of the transverse
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members, since the latter would have to be placed at very short

intervals •

The lonzer girders sre almost exclu-4. Lattice girders.-

sively of this type, consisting ol from two to four Ion_git.,_..._]

members connected by tr_tnsverse or diagonal lattice bars or

_''_ 46-47) Thus we i_ave anstruts (For ..... _-_o_ sections, soo..15s.

intermediate type, between that considered in the preceding chap-

tot and the theoretical triangular braced, girder. The struts

are accordingly subjected to moments in the transverse and espec-

ially in the longitudinal direction in addition to the axial

stresses. The eccentric connection has only an insignificant

and not detrimental effect on the strength of the flanges (lon-

gitudinal members). Girders with two and more flanges _rill be

considered.

Two ..... " _ • -flan_'l=_r_raers These are employed when, in the

plane of their least resistance, there is the possibility of firm

supports at frequent intervals (Figs. 45a and 45b) by bracing

with the junction points of other girders. On accoun{ of the

narrowness of the girders, the torsional rigidity must be prin-

--uts Thi could only be accomplionedcipally supplied by the s_ • s

by making the latter very heavy or by frequent lateral bracing,

which, in practice, is seldom possible. Hence such girders,

with intervals between the braces of, e.g., four to ten times

the girder height, are not especially s_taole. The cross-see-
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"_o. 4Z and 44, are employed, with few excep-tions show,n in Flo,_, 57,

tions (Fig. 46) as flange and strut sections. The strats are

"n ,_ F_ 44, Nos. ?-8, and Fig. 12, b-d,best made ac_ordz _:_to __.

whereby the end portion of each strut, due to J:he unfavorable

location of the ou,,!_n[_ line, must be equal to or smaller than

half the middle portion and :,_ustbe stiffened by a connecting

_isset on the flange (46 b). TIcs incomplete composite profiles

14 and 16 in Fig. 4S, serve as flanges of smaller dimensions,

as likewise do Nos. 7-8 of Fi_. 44 (corresponding to a and b

of Fig. 46). For larger dimensions, the _,holc composite cross-

sections serve as flanges: according to Fig. 43, Nos. ?, 9-13

and 15, and Fig. 4_, Nos. i, 5 and 6 (cor_espondlng to 46 d) as

,_- Fi_. 3'7 p-r and u-y.also the plain-girder cro_ sections, o ,

Of the latter, the oval or rectan_alar tubes, corresponding to

Fig. 46, c and e, are the best. Since the distribution of the

bracing is generally _res,ter than that of the struts, the f!angs

cross-sections must be shaped on a large and on a small axis,

whereby" the former comes to lie in the direction of the lateral

bracing. The same principle obtains as reg_rds the struts, for

reasons of lateral rigidity.

By way of comparison, the qualities of the 1.3 m (3.94 ft.)

girder (Fig. 46, c and d) with struts of like kind and weight

and flanges of like weigd_t and distribution are considered, The

rectangular gi_der (Fig. !I) weighs 770 T/m (with cross-bracings)

and has a 3ko = _4, Ek = 4000, F = !.68 cm _. The oval dural-
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umin tube, which, likewise, weighs about 770 g/m and is _de

from a tube 60 × 1.5 mm (_.36 × O.OS in.), has a _ko = 27

at the breaking point, an F = 2.75 cm 2 and breaking load

Pk = 7400 kg (163!4 lb.). If we assume the weight of the struts

per running meter to be 0.$3 of the _:_ei@_ht of the flanges, i.e.,

0.33 (2 × 0.77) kC = 0.51 kc/m (about), then the quality of the

4000 = 1950 and 74.00 : 5630. The
girders Gk = 1.54 + 0.51 1.54 + 0,51

quality of the girders is therefore about 1.85. This ratio de-

creases for smaller flange cross-sections. The ratio of the

strut wei_ht to the total weight of the girder is I : 5 to

I : 3, according %o the transverse fore_ and r_nner of bracing.

Such <irders require a lot of rivet and stamp _vork. Instead

of riveted struts, simp!_s stai.pea pieces (Fi6j. 43, No. 41 or per-

forated tubes (Fig. 43, Nee. 1-3 and Fi_. 46, f) can be used.

The stamped pieces are too soft, but the perforated tu:oes can be

successfully used only in the case of very _reat shearing forces

and abnorn_lly lon_ struts.

b_] Three and four flanEic__ird_rs.- Three-flange girders

have, because of their nearly triangular cross-section, great

transverse ri?_idity and, for approximately equal cross_sectional

angles (60°), very _meat torsional rigidlty.'' Fi_. 47, a to @,

and Fi:_oo. 15-16, are cross-sectior_l forms showint7 the position

of the struts. Fic_. 48, a to e, snowo cla_amrr_atically the

various strut arrangements whereby the side walls nmst be imag-

ined as turned down into the plane of the drawing, so t_at the
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flange axis aopears twice. Arrangement a is the transitional

form to the girders with connecting Dlates or lattices of shect-

metal and can be used only when the shearing forces are small in

th9 wall where these plates arc (:!{_ 4, _) Arrangement b of

Fig. 48 has, in addition to t_,e_ struts s, also the pc _,_s p

for producing the triangular transverse frames 4, 5, 6, 4, for

the purpose of greater tr_tnsverse rijfidity, as required, e.g.,

_onu. Arrange-where there are bending stresses in two direct_ - "

ment c (Fig. 48) does not have the closed trisnglo. Hence,

the rigidity of the cross-section 7, 8, I0, 7, is dependent on

the rigidity of flance Ii at 9 a,nd i._, in c,:ene_al,- probably suf-

ficient to prevent buckiinsb but not bending. Instec_d of the

posts and struts in the oL.e wa].], in _ ....e,rr_nt_clr,o_l_ b, we can pro-

vide strut crosses accor&ing to arranc_ement d (Fig. 48) with

the same or a smaller wai[_ht in ti_e same plane between flanges

II and IiI, @_erCoy closed trausverse trian6_les are also formed,

namely, I]., 12, 1,5, II. (For st;_t-crosses sc_e Fig. 4a.) Ar-

rangement e bm_s such crosses throu!_hout, by v_hich the free

length of each strut and flange is halved and. their resistance

_f r11 ] "to buckling increased. This _e_ t ms very de_sirable in open

profile flanges and _!ureatly increases the utiiity of girders e._%-

_ a;_<L flang'es, the ad-p]oying them. Fo_ tubular struts (Fi_. 4b) "-_

vantage of the crosses is not so pronounced.

For f!a_e_,,_" the best-orofiles_ _re Fi_.,_ 37 e, i, k, m, n, o,

p, s, t, z; for struts, Fig. 37g, p, q, r (sil_}l,le struts) and

Fig. 44, Nos. o, 7, 8 (composite st!'uts). Th_ cx_u,'!c _, _,.,_o
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are especially suitable for use v_ith tubular flanges (Fig. 49)

and afford great rigidity in consequence of bein_ connected in

two planes.

The stamped sheet-metal struts (Fig. 37 g) are very easily

made, c_re the best kind for use with open-profile flanges, cmd

can also be used with tubular flanges. The corrugated cross-

section in the middle of the strut (Fig. 4c) changcs gradu_,lly

toward the ends into a flanged surface, _hcreby the resist_nce

to buckling and the strength of the joint eze both increased.

These struts can be very easily crossed and riveted together

(Fig. 4a). One strut is riveted to the inside and the othcr to

the outside of an open profile flange, with the advantage of

better conserving the straight line of the axis of gravity end

using the same strut for both arms of thc cross, neither of

which would be possible with a one-sided connection (Fig. 13).

This method is preferred (e.g.) by the Zeppelin Company. The

broad flat form of the strut arm affords a greater resistance

to buckling and bending in the longitudinal direction of the

girder and a smaller resistance in the transverse direction, that

is, it is adapted to the reception of greater additional moments

in the planes of the side walls and accordingly increases the lon-

gitudinal rigidity of the girder. The chief advantage of cross-

ing two flat struts is their mutual support in the transverse

direction, in which their rigidity is small.

Tubular struts are best suited for use with tubular flanges,
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since both, because of their g_eat inherent rigidity, enable

greater free lengths and require less braoing. Tubular girders

are preferred by the Sch{_tte-Lanz Company. The connections of

the tubular struts are enabled by flattening their ends after

they have been reheated. In short struts, the weakening produced

by the flattening is offset with the aid of short tubes in_erted

in the ends of the struts before flatteninz. Tubular strut-_

crosses can be made by interrupting one strut and fitting the

ends to the 'sides of the other strut or by the use of cross-

shaped clamps (Fig. 4b) or cross-shaped inserted pieces. The use

of tubular crosses is advantageous only in c_e of large shearing

stresses (Fig. 15). It is best for the flattened ends of the

struts to fit the flanges closely, in order to prevent any turn-

ing of the strut about the junction line of the two fastening

rivets. For this purpose, however, the strut must ha:e suffici-

ent transverse rigidity.

Sometimes it is desirable for the struts not to p_oject be-

yond the plane of the outer walls of the flanges. This can be

easily accomplished according to Fig. 14b and Fig. 47c,e and ne-

cessitates a shifting of the struts or _trut-crosses in the lon-

gitudinal direction, as shown in Fig. 49. Any shifting, howev-

er, should be made in such _nner as to weaken the flanges the

least possible by riveting. In such an arrangement, the three

struts in the same transverse section of the girder can be unit-

ed into a single body, thus simplifying the construction and

considerably strengthening the girder.
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The triangular girders are made rigid enough in the trans-

verse direction by their shape, have three supporting planes and

are therefore the best to resist buckling stresses. On the con-

trary, the shearing forces, acting at right angles to a plane

of symmetry of the girder, must be transmitted in a single side

wall _ud the eccentric junction of the struts in this wall (due

to the distance from the flange axis) produces unpleasant ef-

fects when subjected to great shearing forces. Four-flange gird-

ers are better in such a case. It is sometimes better also for

structural reasons. Such a girder requires a special system of

transverse bracing which, most suitably for the production of a

continuous triangular assemblage, lies in the transverse planes

formed by the side-wall struts. Figs. 50a and 50b show the side-

wall struts with and without crossing. The line 1-4-1, formed

by the struts, lies in an oblique transverse plane, which is

shown in Fig. 52a, and 52b. The struts, which fall in those

planes, form a continuous bracing system. For many purposes, it

is only necessary to place the struts at right angles to the

longitudinal axis, whereby the strut crosses are best made of

tubes, on account of the different location of the junction

plane. Figs. 51 and 52c show the case where the side and trans-

verse struts combine to form oblique transverse partitions.

The lines l, 2, 3, 4, l, indicate the outline of such a parti-

tion. When the shearing force parallel to the walls I-II and

III-IV is small, the arrangement 51a suffices, but when the
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shearing force is great, struts or strut-crosses must be intro-

duced into these walls according to Fig. 5lb. A transverse par-

tition or box can naturally be substituted for a transverse strut,

the former being preferable where the stresses are _reat.

As already mentioned, the strength of the flanges is more or

less dependent on the nature of the bracing. Both are mutually

related, as also expressed in their weights. The closer the

struts, the more they weigh and, within certain limits, the

lighter the flanges can be. Great rigidity of the struts and

their connections has the same effect on the flanges.

The following table gives the percentage weights of the

struts, as compared with the weights of the complete girders.

Simple struts Strut crosses

Three-flange girder: Compression

B end ing

Four-flange girder: Compression

Bending

19- 5fo 2s-3  

lg-3o ,  8-44-fo

22- Ofo  2-4o 

 2-35 3 -49 

The quality of the girders may be learned from Tables K and

L. As was to be expected from the foregoing, the tubular girders

occupy the first place. The best girder dimensions, for a given

load, length and height, can be approximately determined from

Fig. lO, which holds good for tubular girders (See above). For

Closed profiles, the spacing varies between 1.5 and 2 times the

height. For open profiles, the divisions would be about half as

large. For determining the dimensions, curve diagrams are used,
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which plot the buckling loads against the various division

lengths for cvcry kind and size of profile.

From Table K, we learn that the qualities of the girders

4, 5 and 6, are in the proportions of ] : 1.2G : 1.77 or as

0.80 : 1.O0 : 1.41. The open profile girder No. 5, is therefore

better (on account of peculiarities of form and materiali than

girder No. 4, which consists of closed sh'eet-metal profiles and

tubular struts, but not so good as the tubular _l_"rder No. 6.

For the comparison of girders _os. 7 and 8, the quality of the

latter, at an increased length of 433 cm (13.88 ft.), is

1 0.65C,x-- esoo 0- 1 4:35h . 1 h - _soo _ = 55oos? _/ . , - _ 21/ . 0.79
l

Girder No. 8 is therefore better than No. 7.

tion E. )

(See Part I, Sec-
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Table K. Quality of duralumin girders.

}TO •

Io

•

2a.

o

o

o

1

•

8.

Compression girders (ball bearings).

Designation Fig.

Strut with gusset
End section = 0.5 middle

section (about)

4-flange girder with box frame

13 c

43.8

II

Ditto II

2-flange girder with brace wires 46a,t

3-flange girder with closed sheet- 47 d
metal flanges and tubular struts

3-flange girder with U-flanges and ]47 a
flat strut-crosses fI3

3-flange girders with tubular

flanges and struts

Ditto 47 b
14

Ditto 47 b
14

Total

flange
CROSS-

section

Fo

cm=

O. 44

I. 68

21. O0

0.88

2.70

2,66

2.73

4.44

4.44

Girder

height h
and

width b

cm

42

18

7
7

25
25

24
6

22
25

23.3

27.0

22

25

22

25

#

i



N,A.C.A. Technical Me_.orandum iCo. 313 41

NO •

m

1.

2.

2a.

3.

4,

5,

6.

7.

o

Table K. Quality of duralumin _irders (Cont.).

Compression girders (ball bearings •

Fig.

12c

43.8

ll

II

46a,b

47 d

_47 a
_!3

47 b
14

47 b

14

Girder

length

Lo
cm

31

!,

'1 120
"425

240=3x80

26O

256

256

423

253

Division

lengths
t

cm
.... I

F-
9
4

lO

35

37

58

27

42

58

58

39'

4O

40

2o

22

21

22

i 36

I

b
!

Buckling
load

Pk

kg

88O

4000

52000*

1400

3000

4500

6200

9000

12000

Wt. per

rurn_ing
met er

0.148

0.77

I0.00

O. 52

/

0.97

Quality

Ok

59O0

52O0

5200

2700

3100

1.13 3900

1.12 5500

I. 71 5300

1.76 6800

* Buckling load calculatsd from other experiments.



N.A.C.A. Technical Memorandums No. 313 42

No.

I!.

Table L. Quality of duralumin girders

for resisting bending stresses.*

(knife bearings.) (Single load Pb in center of girders.)

I • , L , L 7 I...... . Cross-section

Designation Fig. I of compression

2-flange girder with/brace wires

'4=flange girder with box frame'

3-flange girder with tubular

flanges and struts

flange F

C m 2

46 b.

11
41. I

0.88

0:.'84

5. O0

._ <,,-< {-"

_0 •

9.

i0.

II.

Fig.

46b

II
41 •1

47 b

14

Girder ! Girder I!ength height h
Lo and!

I width b

IBreaking I
Lol load

_-L _.

25O

I00

423

24
5

I0
7

22
25

10.4

lo

18.5

470

600

1300

L
I
I

Wt. per

running

_le_ er

kg/m

0.66

b'so

1.80

Quali ty

Gk

700

75O

720

* The strength of the struts was determined by bendinz tests,

but the strength of the flanges was first determined by compres-

sion tests, because this method was simpler.
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B. Assemblie_

i. Assembling methods.- Of the possible assembling methods,

such as soldering, welding, screwing and riveting, welding is

now employed only for small parts (Fig_ 5); soldering, for fas-

tening wires; and screwing only exceptionally, e.g., for fasten-

ing.welded pieces. Riveting is the principal method of fasten-

ing. This is done cold, for strength and simplicity, and there-

fore results in a close-fitting of the rivet to the bore of the

hole and does not require the friction between the united sur-

faces or a given shape of head, like hot riveting. The inter-

val between the rivets is 2.5-3 times the diameter of the riv-

ets and the distance from the edge of the sheet at least 0.5

(better 2/3) of the diameter of the rivet. The rivets are either

hammered or pressed, either singly or in groups. Hammering pro-

duc@s, as compared with pressing, smaller counterpressures, but

sometimes disagreeable concussions. Both hollow and solid riv-

ets are employed. The former are used in sheet metal almost

exclusively as eyelets for the application of great stresses

(e.g., with wires). The process of riveting open profiles and

sheet metal is generally known and needs no explanation. The

riveting of closed profiles, however, needs to be briefly ex-

plained. The following five methods are employed.

I. Introduction of rivet through end of tube and clinching

on the outside; mechanical and pneumatic introduction of rivets

through the end of the tube. In Fig. 55, 1 is the tube for the
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introduction of compressed air with the utilization of centrifu-

gal force; 2 serves to complete the introduction and to hold the

rivet firmly by mesas of the spring 3; the shoulder 4 for sup-

porting the rive% head after turning the cylinder 5 (See cross

section b); transmission of the clinching force, through intro-

duced cylinders, to the opposite wall of the tube and thence to

an outer head-cup or dolly; no weakening of the tubes.

2. Introduction of rivet (Fig. 56a) through an auxiliary

hole (larger than the rivet head) opposite the rivet hole; weak-

ening of tube up to I0_; introduction of "dolly" through oppo-

site auxiliary hole.

In methods I and 2 the introduction of the rivet is trouble-

some, the outer head-forming is controllable, but oblique posi-

tion of rivet is possible.

3. Introduction of rivet through rivet hole and clinching

on inside by means of a dolly introduced through a large oppo-

site hole (similar to 56a).

4. Introduction and clinching as above, the latter by

means of a device working through the end like a wedge which,

under simultaneous prsssing or hammering from without, renders

it possible to increase the distance between the rivet shank _nd

the opposite wall, corresponding to the length of the portion to

be clinched (Fig. 57). There is no weakening of the tube. This

method is employed by the Junkers Airplane Factory at Dessau.
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5. Introduction of the rivet as before, introduction of

dolly through a small opposite hole 2.5-3.5 mm (O.l-O.14 in.)

wide, transmission of the force of the dolly through a cylinder

to the rivet, 2-3% weakening of tube (Fig. 5Gb).

A plain cylindrical form suffices for the rivet tail.

Methods 2, 3, and 5 have the advantage of rendering it possible

to observe the inner rivet heads by means of interior illumina-

tion. In the other methods this is accomplished by the intro-

duction of a mirror through the end of the tube. Methods 4 and

5 have proved very simple and, with the use of machines, have

attained the quality and rapidity of open riveting.

2. Girder riveting.- With the exception of unimportant

girders, every strut end must be fastened with at least two riv-

ets. Care must be taken to have the mass of the dolly lie in

the direction of the rivet shank. In mechanical riveting, it is

better to have the machine stationary and the girder movable.

The girder is then mounted on a beam with disks which hold the

flanges in place (Figs. 54a and b). On the beam l, which, e.g.,

for triangular girders, may have a triangular cross section,

the struts 2, are distributed (according to their number and ec-

centricity) in individuai movable forms 3 and flexibly pressed

against the flanges 4, which are then drilled to correspond to

the rivet holes already stamped in the struts. After one end

of the strut has served as a pattern, it must be held fast by

pins and then drilled through the other end. Several holes can
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be drilled simultaneously. The rivets are first held by cl_nps

or inserted just before the riveting process, before the girder

is shifted to the riveting place. Complete elimination of hs/ud

work is not advisable, because this would necessitate a uniform

division or a uniformly recurring set of divisions, which does

not generally occur in airship construction. Otherwise, the

shifting of the o_irder for drilling and riveting can also be ef-

fected mechanically. The cost of riveting airship girders is,

moreover, relatively unimportant. For girders with inside struts,

the process is simplified according to Fig. 53a, especially for

tubular flm%ges. After finishin_ the riveting of strut 2 (Fig.

53a) the dolly 1 does not need to be removed, as in Fig. 53b.

Bent tubes are riveted according to methods 3 and 4, in

which the introduced tool is adapted to the bend by a jointed or

flexible shaft.

3. Joint connections.- The trans_lission of stresses between

the connected parts should take place without moment, i.e., ev-

ery cross-section_ part must, in so far as possible, in propor-

tion to its size, be united by connecting members. For open

profiles, one or two gussets of like profile are used a_ad for ev-

ery profile shank one or two special gussets, as customary. For

tubular proffiles, corresponding inner or outer tubes are employed.

If long tubular girders are to be joined, the ends of the girders

and the coupling sleeve all have large introduction holes for the

purpose of riveting (Fig. 17 E). A full-_ax_ngth joint can, how-
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ever, be obtained by a suitable arrangement of the rivets, in

spite of the weakening from the holes. On account of its length,

it has the disadvantage that the end struts must, in order to

avoid too great eccentricity, be riveted to the coupling sleeve.

This necessitates a large introduction hole on its other end

(to be previously reinforced by a perforated plate), through

which hole, in riveting the strut, two rivets can be clinched

as sho_m by Fig. 56a. This requires very accurate work. The

difficulty of the strut connection and the riveting through in-

troduction holes can be avoided, according to Fig. 17, A-D, by

means of radially or tangentially flanged sleeves (C), form

pieces (D), or tubular pieces (AB) and, as in ordinary joint

coverings, by connecting each two sleeves by means of gussets or

plates of sheet metal. In this way the connection is shortened

and the weight reduced. The riveting is done the same as for

open or half-open profiles and the girder can be fully riveted

in advance, due to the shortness of the Joint.

In employing strut crosses, we can, moreover, rivet two of

the four arms at the time of making the girder and the other two

simultaneously with the joint, without incurring the danger of

breaking them off to such a degree as in the case of simple struts,

on account of the great leverage ratio of their length to the

distance between a pair of rivets.

At junction and assembly points, it sometimes happens that

a profile is joined to a plate of sheet metal, where there must
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naturally be the least possible moment. Fig. 58 shows such

joints for both open and closed profiles, e being _ eccentric

conncction and thercfore suited for only subordinate purposes.

Either the sheet metal plate must be cut away (a) s_qd hence

made correspondingly rigid, or the profile must be slotted (b),

or both methods employed. The tube can also be provided with a

flange (e) to which s_nything can bc easily riveted. Open pro-

files c_i_ likeTise be reinforced by lining. In the figures, I

denotes the profile to be joincd; _, the sheet metal part; 3,

the flanged sleeve (see Fig. 18). The arrangement sho_m in Fig.

58o is employed for connecting the tubular members of the lat-

tice or truss girder employed as the fr_e of _n airship ccz

(Fig. 19), with the aid of forged o_d welded p_zts.

4. Junctions.- The junction of girders with one another is

effccted chiefly by means of gusscts, wall plo.tcs, straight and

bent brackets and variously shaped sheet-metal parts, extensive

use being made of flanging and corrugating for stiffening. (For

junction parts, see Fig. 2_.) The forms of the junctions are so

many and varied, that only a relatively small number of them can

be mentioned as examples. Four cases of junctions can be distin-

guished, ns_ely :

i. For girders v_hose axes are all in the s_,_e plane;

_. For _irders whose axes lie in two parallel planes;

3. For girders whose axes lie in t._ro planes inclined toward

each other and parallel to their line of intersection;
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4. For girders or force-transmitting connections, which,

besides conforming to the above specifications in No. 3, also

extend in _other third plane forming an angle with the line of

intersection of the other two planes.

If the axes of girders of the s_]e height intersect, only

one girder can be continuous and the others must be joined to it.

No. I, as illustrated byF_Fi . 59.- Plates I serve as connec-

tions for the brace-wires 2 (in the directions of the arrows).

As compression members, they are flanged, where the supports are

not frequent enough, and the longitudinal members, where not in

immediate contact with the plates, are attached to the latter by

gussets, so that theshearing forces are transmitted by the gus-

sets from one wall to the other. In the case of great shearing

stresses at the intersection point, transverse partitions must

be introduced into the continuous girder for the continuance of

the interrupted girder.

Case I, as illustrated by Fig. 60_ a and b.- One girder

passes through the other, so that no butt-straps are required,

but only the gusset-plates 1 for attaching the diagonal brace-

wires 2. The gusset-plates are riveted to one girder and con-

nected with the other by means of angle-plates 3. If the forces

to be transmitted by the latter are large, U-profiles 4 a_e

used. The girders abut inside or outside the junction point.
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Case I, as illustrated by Fi._g_(Crossing of two trismgu<

lar girders in a similar way to Fig. 6__0).- There are five fasten-

ing points, the upper point being connected with the four lower

points by strut_ 6 forming a pyr_uid. The gusset plates 1

and 2 can be fastened to girder 3 only by means of angle-

plates 4 and 5, because the girder flanges are U-shaped, though

this would not be absolutely necessary for tubular flanges. Gus-

set-plate 2 is not _ho_,m in plan b (Fig. 81). The fl_gcs

are connected with one another (somewhat like Figs. c and d) by

various fittings for preventing torsion _d for transmitting the

shearing forces from one flange to _other, when rendered neces-

sary by the interruption of the gusset-plates, as happens in

case I.

Case _, as illustrated by Fig. 83.- The girder axes are

shifted so as to allow the same girder height without interrup-

tion. Otherwise the arrangement is like Fig. SO.

Case 3, as illustrated by F_._gn____-- The arrangement is sim-

ilar to Fig. 61. Both the buckling points of each flange, actu-

ally represented by arcs of 20 to 30 cm (7.87-11.81 in.) radius,

are at the points of crossing the flanges of the other girder,

so that the force components, resulting from the change in direc-

tion, can be communicated to the struts. There is a gusset-plate

for the diasonal wires only on the under side and therefore a

strut is introduced into the base plane of the strut pyramid.

Under certain conditions, the bent flanges are strengthened (e.g.,
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by being made thicker) in compc_rison with the flomges of the con-

necting girder, since it is not a question of the theoretical in-

tersection of forces in a point. The abutting ends of the girder

flanges outside the junction points generally allow this thicker

construction which, moreover, is very desirable for bent girders

_:lith grec_t bearing moment. In pre.ctice, the junction pieces are

best me.de by themselves and the girders fitted to them in assem-

bling the airship, Fig. 84 shows another form _vith only one

bend of the flanges. There are here two side walls for the re-

ception of the bending components end there is em upper framework

of struts, If cast or forged p[_rts are employed instead of the

bent corner pieces, we have Fig. 84 without the bends. Instead

of the walls, the pyrsunid struts end two lateral struts for stiff-

ening the bends can be used, as shown in Fig. 65.

Case 4, as illustrated by Fig. 86a-d.- b is a cross-section;

d is a plcn; a and c are side views. The side walls 5 trans-

mit the stresses of girder 3 (or of th'e bracing) of the third

plane to the flanges of the girder 1 provided with a bend, and

form, at the same time, the continuation of the strut system of

girders 1 and _. The flanges of girder 1 are held against the

bend by the stamped pieces 4 and 12, of which the top 4

serves simultaneously to fasten the girder 3. To four othe_ "

stamped pieces 6, riveted to the lower flange of girder I,

there are applied the forces of the diagonal wires 13. These

forces are received and transmitted to the lower flange of girder
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2 by the girder braces 7, the struts 14 _nd the auxiliary

members 8-9. The three fla_ge stiffeners 7 prevent any twist-

ing of the lower flange of girder 1 through eccentric stresses

on the gussets and stamped pieces. The upper flanges of girder

2 are attached to the downward bent flanges of the side walls

5, by means of the U-shaped sheet-metal pieces lO. They serve

to stiffen the side walls with reference to one another and en-

able the use of one and the same U-piece for various inclination

angles of girder 2 toward the perpendicular plane of symmetry

of girder 1. Girder 3 is mounted by means of a rider, which is

produced as a form piece or from riveted sheet metal and makes a

pointed connection. Fig. 86c shows a rigid connection. Brace-

wires are fastened, either instead of or along with girder 3

(Fig. 68a), by means of similar riders.

When two planes intersect each other at an acute angle, be-

sides the above arrangement, that of Fig. 87 can also be used,

in which, on account of their great length, the use of curved

pieces WaS abandoned for acute angles. In (or practically in)

their plane, there lie the upper flanges of girder 17, abutting

the junction point. 13 are two cross-shaped, forged, stamped

or cast form-pieces, which transmit the stresses of the flanges

to the side-wall sheet 12 and also contain eyelets for the

brace-wires, unless the additional moments, thus caused, neces-

sitate the shifting of the corresponding eyelet directly to

wall 12. The connection of the lower flange of girder 17 is

made by the gusset 18_ which also has eyelets for wires. Their



N.A.C.A. Technical )Jlemorandum No. 313 53

horizontal stresses arc transmitted through right-angles by means

of wall 12 to the flanges of girder 18, and their vertical

components, in so far as they are not offset by the flanges of

girder 17 and the brace-wires 20, are transmitted by means

of the angles 23 to the transverse wall 15. For this purpose,

the angles 23 penetrate the walls in. The brace-wires are

designated by the numbers 19-20 and the connections of girder

17 by the numbers 21-22, which run somewhat according to Fig.

58. All the gussets are well supplied with lightening holes

and flanged edges. The axes of all the girders and pairs of

brace-wires intersect at one point. The stresses in the third

plane are exerted on eyelet 24,

opposite direction on form-piece

side walls I_° near form-piece 13.

but can act, however, in the

13 or on a rider set on the

Instead of form-piece 13,

there can be advantsgeously employed, in the plane of Fig. STa

or parallel thereto, a rider-shaped gusset attached to the side

walls 12 by means of angle-nlates. In addition to the flsuuges

of girder 12, still other girder members or braces can be at-

tached in the _olane of said gusset. Fig. 20 shows another form

of junction, which differs principally in the fact that the gird-

ers 17 have been turned 180° and that, instead of form-pieces,

penetrating gussets of greater thickness are employed, after the

manner of two folded hands.

In Fig. 66, the bent girder was so placed that its plane

symmetry coincided with the plane of the third girder (No. 3).

Consequently, in any desired position of this plane, the flanges
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of the girders I and 2 could not generally come into immediate

contact, the height of girder No. 2, when it is to remain con-

stant at various angles of incidence, being dependent on the

height of girder No. l, according to its greatest angle of in-

cidence.

On the other hand, Fig. 21 shows an arrangement for tubular

struts, where the plane of the lowez wall of the bent girder is

parallel to the axis of the straight girder inside the junction

piece. With varying incidences the construction of the junction

piece can remain the same, excepting that the bent members must

be turned parallel to the third plane and that both the lower

bent members must be shifted a little toward the upper bent mem-

ber in the direction of the straight girder (as accurately compu-

table), in order that the cross section of the bent girder may

remain unchanged in the immediate vicinity of the bend, in spite

of the turning. The turning of the tubes has no effect on the

form of the connecting pieces, at least within broad limits.

Such is not the case, however, in all other cross-sectional forms

of the flanges. Moreover, the connecting parts for tubes (Fig.

22) are simpler than for open profiles, though the riveting is

somewhat more difficult, since special devices are necessary.

The stresse_ of the third plane are transmitted to the side

walls by wires with the aid of _muintervening distance or spacing

tube. The brace wires are here attached to a junction gusset,

which, by reason of its bend, is supported by the flange stiffen-

ings. Under certain conditions, the gusset-plate is given, in-
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stead of the curvature, one or two edges (Fig. 68) and is riveted

to the bent tube with the aid of lugs of various heights.

Here the point-shaped contraction of a girder should be con-

sidered, as required (e.g.) for the connection of girder 5 in

Fig. 66, for the formation of a joint and for the simplicity of

the connection.

Fig. 69, a and b, illustrates the principle of such a con-

traction. The bends in the flan&_es are supported by plates 1.

The union of the three flanges and their extension to the open-

ing 5 is accomplished by gussets 2, forming a pyramid (Fig.

69, a-d). In Fig. 69d, the flanges are connected directly to the

pyramid, while in b and c they are connected to the pyramid by

means of the sleeves 3.

lets 5 at the bottom.

of one of the flanges.

outside of the pyramid.

The transverse walls 4 have the eye-

In b, these _iecessitate the slitting

In c, the flanges are attached to the

In Fig. 69, e and f, two plates perpen-

dicular to each other are employed instead of the pyramid, where-

by one side wall of the girder is not bent, as in a, but the

bend is replaced by a gusset (f). The eyelet lies in the axis

of the girder. All the gussets are made of two thicknesses of

sheet metal and are flanged.

As shown by the illustrations, the connecting of the girders

with one another makes great demands on the sh_pability of the

sheet-metal parts. Attention is further called to Fig. 22, in

which 1 is a gusset plate; 2, a sleeve for connecting two

tubes; 5, 4, and 5, pieces for connecting tubes to plates. It
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should also bc noted that only s_._ll stresses, directed perpen-

dicularly to one arm of a bracket, can be tra_smitted through the

bend to the other arm without increasing or decreasing the angle._

ea_ed brackets or, still better,For great stresses, strong sharp- _

foTged pieces must be used, through whose edges a greater mom_ni_

is transmit t ed. ,

For attaching brace-wires, strips or ropes, only plain sheet-

metal is required, which must be provided vrlth steel eyelets, if

wires are used. Fig. 73 shows various kinds of attachments, a

being by means of high-grade steel wire, the end being twisted as

close to the plate as possible, in order to prevent slipping.

b is a similar attachment, in which the spaces in the spiral are

filled with solder, c represents the attachment of a steel ca-

ble to a tube between two plates by means of a metal thi_ole and

splicing. Ordinary wire cables cannot be used in airship _rigging
P

on account of their excessive elongability. The only sl'ightly

elongable Bowden cables can, however, be used for gr_at stresses

(with a strong pitch of the individual wires). Difficulties are
. 3

involved in making wire attachments, since the wires, in order

to obtain an, initial tension, must be stretched, bent and fas_

t ened simultaneously. A similar process mus.t 'be employed for

cables and also for metal bands up to the bending. The stretch-

ing is done by means of a hoisting tackle or lever. The initial

tension is necessary on account of the crookedness of the wire,

the distortion of the bend, and the yielding of the structure,

in order to prevent slackness and, for static reasons, to obtain
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a system under initial tension.

The stce! bands arc widened at their point of attachment

for supplementing the cross section diminished by the attaching

rivets or bolts and are attached to the gusset by means of t_vo

butt-strs©s for the avQid_ee of moments. The joining of wires

by meom.sof turnbuckles, as _ometimes done on airplanes, finds

no application on airships, on _cootunt of the great differences

in the lengths. _Vhere such differences do not exist, as in

equally large side walls of the cabins or oven of the rudders,

very
turnbuckles c_n be/advsmta_eously employed, especially for short

lengths _d great strengths, in order to facilitate variations

in the tension, a task which must otherwise be accomplished by

wrenches.
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PART III - PLYWOOD CONSTRUCTION. _

A. Girders.

I. Cross-sections.- The Oross-sections of the structural

_oarts were principally formed out of basic elements si_i!ar ta_

those employed in metal construction, as shown in Fig. 35. Row

i shows two' strips (Nos. I-2), a g_t'ter (No. 3), an an_le (No. 41

a V-shaped spar (No. 5) and two U-shaped spars (Nos. 6-7). Row

!i shows cross-sections of nlain-wood_ ele._ents_ used fo___ strength-

ening or connecting pl_fwood parts. Combinations of the elements

in rows I and II give the structural parts whose cross-sections

are shown in rows III-!X (Nos. 14-35). Thei_eby the plain-wood

elements Nos. 8 and I0 are _mployed in the cross-sections of

rows III-V, which they stiffen against buckling Element No. 9

serves as the basis for row VII. _lements 8, !2 and 13 serve for

the construction of _'_ 3_--34 (row IX)

Row llI contains T-sections made up 0f strips and angles;

row IV, _atter sections made from gutter No. 3 and strips 2, 8

and I0; row V, U-sections in com_oination with strips; row VI, bf-

sections composed of profiles 6 and 7 and perforated strips No. 2;

row VII, box-sections composed of plywood and plain-wood _o_rips;

row VIII, closed pl_ood_.sections; row IX, cross-sections of con-

necting parts (partitions or stilts), which serve to cora_ect

spars after the manner of rows Ill-VIII. These cross-sections

are employed both as independent supporting parts and in the con-

struction of open-work g_irders.

Compare "Zeitschrift f'_r Flugtechnik und Motorluftsehiffahrt,"
_92 I,;.No • 8.
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G_rder construction. The structural parts, espccially

the girders, are built with the aid of the above elementary

forms, thus rendering it possible to obtain sufficient strength

for the various pllrposes, with the minimum weight. A distinction

is made between main and subordinate girders. The former are on

ly open-v_rk girders of large dimensions, while the latter are

of smaller dimensions, either open-work or plain, and serve for

smaller stresses (rows III, Vi, VII). Thus, e.g., the girders

of row VI serve as supports for ply_1ood welks (as likewise the

metal girders of Fig. 16b); the ones in row Vil, as wall posts;

and No. 3_ of row IX, as light ribs (Compare Fig. I in NO. 8 of

"Zeitschrift f_r Flugteehnik und Notorluftschiffahrt," 19D!).

Main "o" __irders are generally constructed of paral1@l booms or

flanges with connecting struts, the same as metal gi_ders, and
W

are given various forms, according to whether they are to be sub-

jeered to bending stresses in one or two directions, to buckling

stresses, or sin_Itaneously to both buckling and bending stresses,

or whether their free length is subjected to a oneh_sided support
.L

or bracing in one direction, while being unsupported in the other

direction.

Fig. 36, A-K, shows the cross-sectional forms of main _zird-

ers. The upper diagram, represents, in each instance, a'section

at right an_les to the flanges, while the "lower diagrams are sec-

tions perpendicular to the struts. The numbering of the elements

is the same a.s in Fig. 35. Fig. 36 gives end views of girders

A-K. The arrows indicate the direction of least strength.
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A is a double-T girder with box strut 34.

B " " " " " " V-strut 35.

C " " " U " " perforated side walls.

D " " " U " " I-strut 32.

E " " " tube " ,r flat strut 38,

• and transverse members 32.

F " " " " girder with perforated sides 37.

G " " " " " " " struts 33.

H " " triangular " " " sides 37,

and transverse members 38 glued to their webs.

I is a four-T girder with oblique perforated strut walls

32 and perforated side walls 37.

K is a four-tube girder with strut walls 33 and side walls

37 strengthened by transverse strips 8.

Girders A-G are intended for small loads in the direction

of the arrows, but for great loads in the plane of the struts,

this being more especially true for girders A-B than for gird-

ers C-G. The strength in the direction of the arrows can be in-

creased by bracing (as in the case of metal girders) till it

equals that in the main direction. This is done, e.g., in the

cases of the longitudinal girders L,

verse frames or rings Z (Fig. 24),

" 1921 No. 8 Fig 9).pare "Z.F._{., , , .

the intermediate trans-

and the walkway posts (Com-

The strength of the girders E to G, when they are made

wide enough, is nearly equal to that of the girders H to K. The

latter were used for the main rings H of the airship in Figs.

24 and 28 _nd for the longitudinal members 0 and L of the
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walkway. They have a condensed form and are especially suited to

withst_ud buckling and bending stresses in two directions perpen-

dicular to each other. Regarding the difference between strut

and box formation of the girder walls s_d the advantages and dis-

advantages of triangular and quadrangular girders, the same prin-

ciples apply as already mentioned for metal girders. In contrast

therewith and due to the weakness of the plywood angles, tr_us-

verse walls or bulkheads must be introduced at relatively short

intervals, these being glued to the webs of the perforated side

walls. In the practical production of girders, the above-men-

tioned parts are sometimes extended or supplemented by small con-

necting parts. For example, in girders D, the arms of a U-

profile are held together at certain short intervals by gluing

on web-plates s (Fig. 23, D2). The struts receive, at certain

points, an extended connecting surface, corresponding to the

stresses to be undergone and the strength of the glue. The same

holds true for the girder flanges as, e.g., in Fig. 23, for

girders A and B and in Fig. 35 for the plain-wood strips 9.

In D1 spebial bracing strips are employed for connecting the

struts and flanges. Much depends on having connecting surfaces

sufficiently large and rightly dimensioned, which canbe thus

obtained, chiefly because the glued connections mugt also trans_

mit moments which act in and transversely to the surfaces.

The characteristics of plywood girders, including the dimen-

sions, breaking loads, and qualities of differently built girders,

are given in Tables M and N. These tables show that, for buck-
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ling stresses, the T-girders I stand last, but that the rec-
w

tangular girders 4 stand first. For bending stresses, the

double U-girders 6 and 7 occupy first place, the double T-

girders I last place, and the four T-girders 8 the next to

the last place. It should also be noted that the U-girders are

relatively rigid and very wide, so that the flange under com-

pression is especially well protected against buckling by the

flange under tension. This does not hold good, to the same ex-

tent, for the double-T girders. The four T-girders have Great

rigidity, but are not braced for great transverse stresses (com-

pression girders). In other respects, the same principles apply

as for metal girders.
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Table M. Quality of plywood girders.

Compression girders (ball bearings).

63

No. Designation

I .

o

.

B

2-flange girders with T-flanges

and 2 lateral braces on each flanso

2-flange girders with U-flanges

and I lateral brace on each flange

3-flange girders.

4-flange girders with T-flanges

Fig.

]36 A
{23 A

36 D33 D

36 H

23 H

36 J

23 J

To tal

flange
CROSS-

section

Fo

C_ 2

13

11.90

16.56

25.30

NO.

o

.

Fig.

f36 A
_23 A

36D23 D

36 H
,23 H

36 J23 J

Girder

I eng t.._

Lo

cm

£59 =
3x 86

26,3

2 59

411

Gird er
hci_

and
width b

Cm

24

6.5o

24
I0

Buckling
load

Bk

kg

2400

4500

runnl ng
met er

kg/m

I .011

1.118

20
23

23
23

3460

6620

I .34

I .95

Quality

' . q!:

_380

4025
,

2580

3400
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Table N. Quality of plywood girders

for resisting bending stres_es (knife be_rings).

(Single load P in center, except for girder 6.)

No.

t

So

•

•

o

Designation

2-fl:m_e girder with T-flanges

and 2 lateral braces on each flm:ge

2-flange girders with U-fl_n_es,

load uniformly distributed

Ditto

4-flmnge girders with T-flanges (no

struts to resist bending)

0 4" .--_o-_l_oe girders with tubular

fl m_gc s

Fig.

36 A
.23 A

!36 D

_23 D

[36 D

123 D

L_sGj
_23 J

36 E

23 E

Cross-

section of

compression

girder F
C_

7.5

8.4

7.5

11.75

I0.O0

.

•

,

.

Fig.

36 A

23 A

36 D

23 D

36 D

23 D

36 J

23 J

36 E

25E

Girder

length

Lo

25O

356

25O

25O

22O

Girder

height h
and

width b

om

24
I0

24

I0

23

23

Lo

h

10.4

15.2

10.4

10.9

I1.8

Breaking
load

Pb

kg

510
i

720

ii00

7_

630

Wt. per

rmming
meter

K o/m

1.52

!.52

1.53

2.03

1.50

Quality

Gk

34O

472

723

368

422
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B. Connections

Glue serves as the connecting medium between wood and wood,

especially the water-tight varieties. 0thcr varieties, however,

can be made water-tight for a long time. A glued surface, ac-

cording to the quality of the glue, will stand a shearing stress

of 20 to 40 kg/cm m, but only 3 to 7 kg/cm = tension at right aun-

gles to the surface. The parts to be glued must be clamped firm-

ly together, in order to avoid hollow spaces and for good pene-

tration of the glue. The Joint connections are made like those

of open metal profiles and do not require consideration. It need

only be remarked that all connecting strips and brackets can be

easily tapered in thickness, thus giving an advantage, in re-

spect to weight and strength, not so readily attainable with

metals. In girder breaks the dsm_aged portion can be easily cut

away and another substituted by oblique gluing" (Fig. 72) with-

out loss of strength, chiefly because, in the case of wood, due

to its great flexibility, the excessive stress is mostly re-

stricted to a single weak point. Girders can also be very eas-

ily reinforced, even outside the workshop, by gluing on strips

or gussets of either plain or plywood.

Junctions are also made similarly to metal, but there are

two conditions to observe.

I. Profile members of wood (Fig. 35) can be made with em

original curve, but cannot be bent at will in the construction
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shop, after the manner of the sheet-metal parts in Fig. 22.

Hence we are restricted to the use of straight or only slightly

bent parts. Good junctions can, ho_Tever, be made with wood,

though with a somewhat less open appearance than those made with

metal.

2. Great stresses, like those of the brace-wires, e.g.,

cannot be applied directly to plywood, even with the use of an

eyelet, but they must first be received by sheet metal and then

transmitted to the plywood as shearing stresses by means of hol-

low rivets, since otherwise the stress would be too great for the

wood and the connecting surface too small. The distance between

the hollow rivets (or eyelets) _]_ast be three times their outside

diameter of 7-20 _n (0.276 - 0.79 in.) and the distance between

such a rivet and the edge of the wood must be at least twice its

diameter. The best materials are duralumin sheet-metal parts

with steel eye_e_s,__ since the application of a great stress at a

single point and a 7•_ distribution surface with a relatively

small weight are thus rendered possible. Such a metal sheet is

undesirable when in contact with wood on both its sides, since

the wood structure is thus interrupted.

The alread3T-mentioned general case in metal construction,

of the location of th_ axes in three planes, with the girder

flanges over one another and girders of equal height, requires,

e.g., an arrangement like Fig. 70, in which a four-flange and a

double-U girder are crossed and a strut (or girder) Ss applied
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at a certain angle to the line of intersection of the two-girder

planes. The girder 1 has its walls 3 inside the joint and

the double metal sheet 7,

is attached to both walls.

the walls 4 ef the girder

provided with flanges and an eyelet,

Both these walls 3 are attached to

by means of angles, led through

the lower strip 6

strip 6 lies on girder 2,

of girder 1 by the angle

for attaching brace-wires.

and glued to the lower flange of I. The

is connected with the lower flange

98 and has four sheet-metal plates

The walls 3 and 4 transmit simul-

taneously the stresses ef the struts in the side walls in which

they lie. Strip 5 is designed to receive and transmit in its

plane the stress components from the sheet-metal gusset 7. The

gusset transmits these forces by means of the flanges lO or

through the medium _f angle-pieces. In a similar manner, the

crossing ef non-abutting girders of other types is accomplished

and adapted to very grQat stresses.

Simpler and easier and hence preferable is the abutting of

two girders of like height (Fig. 25, a and b). Two four-flange

and two dou_le-U girders are generally connected to two parallel

plates, whose projecting double laps serve for gluing two T-

flanges of the four-flange girder and their simple broader laps

for fastening the U-profiles of the other girder. The latter

has a straight axis and the former has a bent axis, which follows

from the curve of the plates. The girder flanges, after intro-

duction and gluing between the two plates, are also connected,

by means of angle-pieces, with the plates or with the fou_-flang'e
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profile inside the joint and the shearing stresses of the struts

are likewise transmitted through angle-pieces to the side walls,

visible at b, which are themselves connected together by a

sheet-metal piece for the further transmission of the shearing

stresses. This sheet-metal part serves for joining the stresscl

of the third plane and has, for this purpose, an eyelet through

the upper plate, which cyelet hcre lies in the middle plane of

the four-flange girder and can transmit stresses, in the direc-

tion of the girder, through lateral sheet-metal angles to the

plate. The gussets for the brace-wires (eyelets visible) lie on

the outer side of the junction plates. In "Z.F._L," 1921, No. 8,

Figs. ll and 29-35, there is show_ the junction of four girders.

Fig. 13 in the same article shows a similar junction of five

girders, of which the fifth (a walkway post) for_s a butt-j¢int.

In Fig. 2C of the present article, the f-ur-flange profile is

replaced by a double-T profile, and the two junction-point v_a115

by a single transverse wall, on which is set the girde_ P of

the third plane. Its connecting plates are slotted for ad_ittin?_

the connecting plates of the other two double-T girders and _b(_

gusset resting on them is left open, so that the shearing streW&

of both girders can be combined by means of wooden angle-pieces.

Such a joint is much stronger than one made by riveting on sheet-

metal angles. The open-work gusset serves for attaching brace-

wires in a plane, formed by the girder L, running straight

through, and the girder P, lying in the third plane. Fig. 2_

shows the junction of five girders, lying in the three planes,
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I, II and III. Brace-wires arc attached in a fourth plane.

Fig. 28 shows an older and different type of construction.

Thc girders cross each other in contact with an intervening

junction plate. The eyelet for the wires of the third plane is

in a gusset projecting from the bending point of girder H, this

g_ssct being connected to two transverse walls by means of a

sheet-metal plate lying in the central plane of the girder. The

transverse walls transmit their stresses to the side walls of the

girder by means of downward-bent flanges and hollow rivets (Fig.

28). The intervening metal plate is extended, where necessary,

into the lower girder, in order to relieve the batter of any

great bearing stress. Ordinarily it suffices to glue the lower

girder to the junction strips and stiffen it with the usual

transverse wooden walls. Sometimes the gluing is reinforced by

duralumin bolts. Individual force_, which must be transmitted

from metal to wood or from wood to wood (e.g., from girder to

girder in the case of Fi_o. 28) not as shearing but as tensile

forces, likewise necessitate the use of bolts, like Fig. 87,

whereby Plate I is made rigid and attached to the stress-receiv-

ing transverse wall 3 by means of a sufficiently large glued

area _ and wood linings 5, without causing the angles 5 to

spread •

In wood construction, especially at junction points, inac-

curacies of fabrication and subsequent alterations do not cause

so much trouble as in metal construction, since, as already men-

tioned, the desired shape can always be obtained, with only a
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slight increase in weight, by gluing on the appropriate wooden

pieces.

Likewise, after the completion of a wooden junction, recesses

can be cut. In metal girders, on the contrary, such a course

would be attended with difficulties.

t

PART IV - CONCLUSI01_.

" In conclusion, it may be remarked that the photographs, o

when not made before the war, are of cxperimental parts, 4since,

according to the stipulations of _he Treaty of Versailles, all

structural parts actually used or intended for use had to be

destroyed.

In the foregoing, the building materials and the metal and

plywood construction methods employed in rigid airships have

been treated from the vie_point of adapting the materials to the

forces to be withstood. As has bccn seen, these materials (ply-

wood, duralumin and steel) form an ascending series (correspond-

ing to the size and stresses of the airships), as do likewise

the structures of open and closed profiles. A far more difficult °

problem than the adaptation of the materials is the determination

of the axial stresses of the wholc system. This forms a field

of its own, extending beyond the limits of this article, and can

be only briefly referred to here. The calculation of the air_

ship frame as a single braced girder, on account of its great

static indeterminateness, requires more time and labor than is
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available in practice. Hence the system is preferably divided

into units, such as the main or outer frame, the stiffening

transverse frames (main rings), walkway and tail unit. The

stresses and distortions of the main frame are first established

on the basis of simple and verifiable assumptions regarding the

rigidity relations. Then the stresses of _he individual members

are computed with the aid of the data thus obtained. The results

can be employed for correcting the original assumptions and the

computations then repeated. This is not necessary in most cases,

since the results are generally accurate enough. The amount O_

computation work is still considerable, since the individual o_0-

jects are still many-fold (e.g., 20-fold) Statically indetermi-

nate and then the most different static and dynamic load condi-

tions of the airship have to be considered. )_oreover, as _en-

tioned at the beginning, the bending stresse_ undergQne by the

different girder members must be determined. The publi_atio1_

of these very interesting experiments must be reserved for :a

later date.

Translation by Dwight M. Miner,
National Advi_oryo P_m_i tree
for Aeronautics.
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Fig.6 Determination of buckling stress

of a girder.
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